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(57) Abstract 

The present invention relates, in general, to a method of identifying ligands and antagonists of ligands. In particular, the 
present invention relates to a method of identifying ligands and antagonists of ligands which bind to cloned Gs- or Gj-coupled 
receptors. The present invention also relates to a cell that comprises a recombinant cyclic AMP sensitive reporter construct. 
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A KD2TSIOD OF XDK£5TXF5fIKrG 

mr&GOWTSTs of momm 

K&CKGKOUEJD OF THE XEJVEMJ'XOEJ 
Field of the Invention 

* 5 The present invention relates, in 

general, to a method of identifying ligands and 

* antagonist© of ligands o In particular, the present 
invention relate® to a method of identifying 
ligands and antagonists of ligands which bind to 

10 cloned G,« or G,-coupled receptors. The present 
invention also relates to a cell comprising a 
recombinant cyclic AMP sensitive reporter 
construct o 

Background Xnforaa&ton 

15 in the last several years, numerous cDWAs 

or genes for hormones and neurotransmitters that 
couple to G-proteins have been cloned. With only 
two exceptions - the receptors for insulin- like 
growth factor II and glutamic acid ° these G~ 

20 coupled receptors are rather similar, and they are 
thought to comprise a large w superfamily ro of 
proteins o Sy analogy to bacterial rhodopsin, the 
member© of this super family are thought to contain 
seven membrane-spanning domains and have a number 

25 of highly conserved amino acids „ As a 

consequence, oligonucleotide probes directed at 
shared domains of cloned receptors have been used 
at low stringency to screen cDNA libraries for 
novel receptor candidates. More recently, primers 

30 directed at conserved domains of these receptors 

have been used in the polymerase chain reaction to 
clone additional candidates. The cDMAs obtained 
as described above, which encode "orphan 
receptors 03 for which the endogenous ligand is not 
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known, must be expressed and th® ligands which the 
receptors bind must be identified. This is not as 
straightforward as it seems at first glance. 
Screening with radiolabeled Uganda is expansive. 
5 it requires aany (unstable) ligands and large 

anounts of transfected cells. Functional screens, 
on the other hand, are haspered by the fact that 
one cannot guess froa the structure of a receptor 
which second messenger system it activates. Some 

10 G-protein coupled receptors activate phospholipase 
C or phospholipase A, and increase inositol 
phosphates and arachidonic acid, respectively. 
Others activate (G,~coupled) or inhibit the 
activation (G.-coupled) of adenylate cyclase, 

15 increasing or decreasing the level of cyclic AMP 
in cells. The present invention provides simple 
and rapid methods for discovering the agonists 
which act on orphan G,~ or G,-coupled receptors. 

The assay that has been developed employs • 

20 a novel mouse L cell line, LVIP2.0ZC. These L 
cells contain a stably integrated fusion gene 
pLVIP2.0Z plasaid (Riabowol, K.T. ©t al., (1988) 
Nature 336s 83=86), consisting of the Escherichia 
coli lac Z gene under the transcriptional control 

25 of 2kb fragment derived fro© th® vasoactive 
intestinal polypeptide (VIP) gene. This DNA 
segment includes the VTP promoter and a cyclic AMP 
responsive enhancer element (CRS) . Forskolin 
increases cellular cyclic AMP levels and thus can 

30 be used to induce the B-galactosidase ensyae in 
the LVXP2.0ZC. reporter cells.. After the cells 
are lysed, th© enzyme activity can be detected by 
addition of a chromogenic substrate, o-nitrophenyl 
B~D-galactopyranoside (OMPG) . The product of the 

35 reaction, o=nitrophenol , is yellow in color and 
can be seen with the naked eye or measured 
spectrophotometrically at a wavelength of 405nm. 
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Tha assay can bo p©rfors®d in 2><S woll tis®uo 
culture plates and a commercially availablG plat© 
read@r can b® u©©d t© m©asur© th® l®v©ls ©f ©- 
nitrophenol and reeord th© result© „ 

Transaction of cells with a putative G,- 
coupled rec®pt©r allocs ©n® t© induca then ©nsyme 
by adding th® appropriates ligand <, ^©r ossampl®, 
cells trans f®et®d with a Bj-adrenergi© receptor 
cDWA increase their ©°galaete®ida®Q 1®vq1© in 
response to isoproterenol » G7,«=eoupl©d receptors, 
on the other hand, inhibit the activation of 
adenylate cyclase o In th© presenc© of th© 
appropriate ligands the dopamine D af muscarinic 
cholinergic m,, or cannabinoid transfeeted 
receptors significantly reduc® th© fersk©lin~ 
stimulated increase in B-galaetosidas© normally 
seen in LVIP2o©Zc cell© 0 Thus, LVIPpOZc cell© 
provide a rapid 9 convenient and semi°aut©mated 
syst©® in which a large number of putative ligands 
may be screened for binding to an a orphan 
receptor™ transiently expressed in these cells « 

OF TEE XKr&WTI.©® 

It is a general object of this invention 
to provide a method of id©ntifying ligands and 
antagonists of ligands «, 

It is a specific ©bject of this invention 
t© pr©vid© a method of identifying ligands which 
bind t© G-pr©tein coupled receptors « 

It is another object ©f this invention to 
provide a method of identifying an antagonist of a 
ligand wherein the ligand binds t© a G-pretein 
coupled recept©r« 

It is a further object of this invention 
t© provide a cell that comprises a recombinant 
cyclic &£3P sensitive reporter construct o 
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Further ebjQct© and advantagoo of tho 
present invention will be clear frora the 
description that follows. 



5 Figure l« Detection of B-galaetosidase 

of color development of o-nitrophenol . LVIP2 • OZc 
cell© were oxposed for 8 hour© to control medium 
(containing 0.5s£3 IB53X) (□) , or control medius 
containing 0.5^ forskolin <*), or control medium 

10 containing 1^ (□) or 10 (*) . After cell 

lysis and addition of the substrate ONFG, enzyme 
activity was measured as optical density at 405ns 
at various tise intervals . Data are mean ± S.D. 
taken from one experiment that is representative 

15 of several o 

Figure 2. Induction of B-galactosidase 
as a response to length of ligand exposure <> 
LVIP2.0ZC cells were incubated for 1, 2, 4, 6, 8/ 
12, 15 and 18 hours in control medium (containing 
20 0.5m£Z IBHX) (□) , or control medium containing O.SjaM 
forskolin ( • ) , or control medium containing l^H 
(□) , or control medium containing l^K PGE, 
(a). Data are mean i S.Do from one representative 
experiment • 

25 Figures 3. Induction of B-galactosidase 

as a response to different doses of ligands. 
LVXP2.0ZC cells were treated for 8 hours with 
control mediun (containing OoSmM ZBOC) f and 0.1 or 
Op 2 or 0.5 or lfOZ forskolin (<>), control medium 

30 and 0.1 or 0o5 or 1 or 10^K WSCA (□) , control 

medium containing 0.1 or 0o5 or 1 or 10/a£2 PGE 2 (a) 0 
Data are mean £ S.D. from a representative 
experiment. 
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Figure 4* A) Induction of B- 
galactosidase as a dose-response for B a -adrenergic 
receptor DNA transfected LVTP2 «OZc cells to 
isoproterenol. Cells were incubated for 8 hours 
with medium containing o.SmM IBMX, lOO^M ascorbic 
acid and 5xl0" u to 10" 4 M isoproterenol. Data are 
mean ± S.D. from a representative experiment. B) 
Induction of 6-galactosidase as a time-response 
for 6,-adrenergic receptor DNA transfected 
LVIP2.0ZC cells to isoproterenol. Cells were 
exposed for 2, 4, 6, 8, 12 and 18 hours to medium 
containing O.SmM IBHX, 100/iM ascorbic acid ± ImM 
isoproterenol. Data are mean ± S.D. from a 
representative experiment. 

Figure 5. Inhibition of forskolin- 
mediated induction of B-galactosidase by 
aldosterone secretion inhibitory factor during 
different exposure times. LVIP2.0Zc cells were 
exposed for 1, 2, 4, 6, 8, 15, or 18 hours to 
control medium (containing 0.5mM IBMX and 20ug/ml 
Bacitracin) (a), or control medium containing 0.5pM 
forskolin + 1 fM ASIF (O) , or - ASIF (•-). Data 
are mean ± S.D. from a representative experiment. 

Figure 6. A) Inhibition of forskolin- 
mediated induction of B-galactosidase in dopamine 
receptor DNA transfected LVTP2 .OZc cells as a 
dose-response to different concentrations of 
dopamine or quinpirole. Cells were exposed for 6 
hours to medium containing O.SmM IBMX and lOOpM 
ascorbic acid and 0.5/aM forskolin ± 1 or 3.0/iM 
dopamine hydrochloride or 1, 10 , IOOmM quinpirole 
hydrochloride. Data are mean ± S.D. from one 
representative experiment. B) Inhibition of 
forskolin-mediated induction of B-galactosidase in 
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cannabinoid receptor DMA transfected LVIP2.0ZG 
cells by CP55940. Cells were exposed for 6 hours 
to medium containing 0.5mM IBMX, 0.5mM BSA and 
O.SfM forskolin ± lM« CP55940. Data are- mean ± 
5 S.D. from one representative experiment. C) 

Inhibition for forskolin-mediated induction of A- 
galactosidase in human muscarinic acetylcholine 
(hm,) receptor DNA transfected LVIP2.0ZC cells by 
carbachol. Cells were exposed for 6 hours to 
10 medium containing 0.5mM IBHX and 0.5<*M forskolin ± 
mM carbachol. Data are mean ± S.D. from one 
representative experiment. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a fast, 
15 simple method to identify (1) ligands which bind 
to a G-protein coupled receptor and (2) 
antagonists of these ligands. 

In one embodiment, the method comprises: 
i) expressing a G,-coupled receptor gene in a cell 
20 wherein the cell contains a cyclic AMP sensitive 
reporter construct; ii) adding a ligand to the 
cell; and iii) assaying for the amount of cyclic 
AMP. 

In general, the construct comprises a 
25 cyclic AMP responsive regulatory element operably 
linked to a reporter gene. In a preferred 
embodiment, the cyclic AMP sensitive reporter 
construct comprises a cyclic AMP responsive 
enhancer element operably linked to a promoter and 
30 a reporter gene. Suitable cyclic AMP responsible 
enhancer (CPE) elements are well known in the art. 
They include but are not limited to the CRE 
located on the 2 kb DNA fragment from the 
vasoactive intestinal polypeptide (VIP) gene. 
35 suitable promoters are also well known in the art. 
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They include but are not lisitod to the 
promoter described herein „ Further, suitable 
reporter genes are also h@11 tcnetm in the art* 
They include but are not lisited tos the Lac £ 
5 gene and the lucif erase gene* Specifically, the 
• reporter construct used say be pLVXP2p©Zo 

The <5~coupled receptor gen® expressed in 
the cell say be stabily incorporated into the 
genome of the cell, say be trans iontly transfeeted 

10 into the cell, or say be endogenous to the cello 

Examples of <*~coupled receptors includes the human 
&,»adrenergic receptor? the husan ©, muscarinic 
acetylcholine receptor? the rat cannabinoid 
receptor; the dopamine D a receptor? VXP? secretin? 

15 vasopressin? oxytocin? serotonin? ©-adrenergic? 
metabolic glutasate? and £L°8 receptor® « 

Suitable host cells, if appropriate 
vectors are used, include both lower eucaryotes 
(for example, yeast) and higher eucaryotes (for 

20 example, mammalian cells - specifically, souse 

cells) o Preferably, the assay use® a souse L cell 
line (for example - LVXP2.0ZC, &TCC accession no* 
CRL 10871) which contain© a cyclic m& responsive 
reporter construct (for example ° pLVIP2oOZ)c 

25 The methods of assaying for the 

expression of the reporter genes are well known in 
the arte In a preferred embodiment, the assaying 
step comprises adding a chrosegenic substrate and 
assaying for a change in that substrate „ One 

30 preferred chromogenic compound is o-nitrophenyl 0- 
D-galactopyranoside o 

in a further embodiment, the present 
invention relates to a method of identifying an 
antagonist of a ligand wherein the ligand binds to 

35 a G-protein coupled receptor o The method 

comprises? i) expressing a G,-coupled receptor gene 
or cDS3& in a cell wherein the cell contain© a 
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cyclic AMP sensitive reporter construct; ii) 
adding a ligand and antagonist to the cell; and 
iii) assaying for the amount of cyclic AMP. The 
cyclic AMP reporters, reporter genes, constructs, 
5 and cells described-above can be used to identify 

antagonists. 

in a further embodiment, the present 
invention relates to a method of identifying a 
ligand that binds to a receptor which inhibits 

10 stimulation of adenylyl cyclase. The method 

comprises: i) expressing a G.-coupled receptor gene 
of cDNA in a cell wherein the cell contains a 
cyclic AMP sensitive reporter construct; ii) 
adding forskolin and candidate ligands; and iii) 

IS assaying for the amount of cyclic AMP. 

in a further embodiment, the present 
invention relates to a method of identifying an 
antagonist of a ligand that binds to a receptor 
which inhibits stimulation of adenylyl cyclase. 

20 The method comprises: i) expressing a G.-coupled 
receptor or cDNA in a cell wherein the cell 
contains forskolin and a specific ligand and 
candidate antagonists; and iii) assaying for the 
amount of cyclic AMP, looking for the inhibition 

25 of agonist induced reduction of forskolin 
activity. 

The method described herein can be used 
to screen large numbers of ligands: for example, 
as many as 22 ligands can be analyzed in 
30 quadruplicate in a single 96 well plate. The 

stimulation or inhibition of stimulation is easy 
to recognize, and positive results can quickly be 
confirmed. 

The present invention is described in 
35 further detail in the following non-limiting 
Examples. 
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EXAMPLES 

The following protocols and experimental 
details are referenced in the Examples that 
follow: 

5 Materials. Unless otherwise indicated, chemicals 
were obtained from SIGMA, culture media from 
Whittaker Bioproducts, ASIF (Aldosterone Secretion 
Inhibitory Factor) [Bovine] was purchased from 
PENINSULA LABORATORIES, ONPG ( O-NITROPHENYL-fl-D- 
10 galactopyranoside) was obtained from RESEARCH 

ORGANICS, (-)-Propanolol hydrochloride, Dopamine 
hydrochloride, (-) -Quinpirole hydrochloride were 
obtained from RBI, CP55940 was generously provided 
by PFIZER, INC. 

15 stable cell line and cell culture. Mouse Ltk- 

cells (3x10* per 10cm dish) were transfected using 
the calcium phosphate co-precipitation method with 
the pVIP2.0Z plasmid (20 pq) containing 2 kb of 
5 '-flanking sequences form the human VIP gene 

20 fused to the £. coli lac Z gene (Riabowol et al. 

(1988) Nature 336:83-86). Co-trans feet ion with 4 
Mg phyg (Sugden et al. (1985) Mol. cell. Biol. 
5:410), a plasmid encoding hygromycin B 
phosphotransferase, and selection in hygromycin 

25 provided a dominant selectable marker. 

Hygromycin-resistant Ltk* clones were screened for 
induction of 6-galactosidase after addition of 
forskolin (10 mM) and IBMX (0.5 iM) . One clone, 
LVTP2.0Zc, was chosen for use in these 

30 experiments. LVIP.OZc cells, stably transfected 
with the pVIP2.0Z plasmid were maintained in 
Dulbecco modified Eagle medium (DMEM) , 
supplemented with 2.5% fetal calf serum, 7.5% 
newborn calf serum, 25 mg/ml hygromycin, 

35 penicillin and streptomycin in a 7% CO, 37 • Forma 
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incubator. Cells were trypsinizad twice week, 
with 1 ml 0.5% Trypsin and .53 nM EDTA.4Na /10 cm 
dish and split at a ratio of 1:10 and grown in 10 
ml medium over several months. The phenotype of 
5 the cells seems stable. 

Elasnid M. Plasmid DNA was prepared by the 
lysozyme-Triton procedure (Katz, L. et al., (1973) 
J. Bacteriol. 114:577-591) as modified for the 
transfection protocol of Chen and Okayama ((1987) 

10 Mol. Cell. Biol. 7:2745-2752). The following 
receptor cDNAs were introduced into the pcD 
plasmid (Okayama, H. et al. , (1983) Mol. Cell. 
Biol. 3:280-289): the human B,-adrenergic receptor 
(Kobilka, B.K. et al., (1987) PHAS 84:46-50), the 

15 human m, muscarinic acetylcholine receptor (Bonner, 
T.I. et al., (1987) Science 237:527-531), the rat 
cannabinoid receptor (Matsuda, L.A. et al., (1990) 
Nature 346:561-564). The dopamine D a receptor 
(Monsma, F.J. et al., (1989) Nature 342:926-929) 

20 was subcloned into the pRc/RSV vector (INVTTROGEN, 
eukaryotic vector) . 

n.r ang f ee tioP »f cells. Cells were transfected by 
the calcium phosphate transfection protocol of 
Chen and Okayama. For each plasmid DNA 

25 preparation, the amount of DNA required for 

formation of an optimum calcium phosphate-DNA 
precipitate varies; thus, a dose response study is 
desirable. To set up conditions to assay G.- 
coupled receptors, cells were transfected with 

30 various amounts (5 to 30/»g) of pcD plasmid DNA 
containing the human B,-adrenergic receptor 
cDNA/10-cm plate. If smaller or larger dishes 
were used, the amount of DNA was adjusted 
proportionally. The precipitate formed with S»g 

35 of DNA usually was very coarse; with 25 to 30/ig of 
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DNA the precipitate was usually very fine whe. 
observed with a microscope at low magnification 
(40x) • Eight to 20/ig gave a punctuate precipitate 
which seems to be taken up by the cells 
efficiently. Cells were trypzinized 48 hours 
after trans feet ion, pelleted, resuspended in fresh 
medium, seeded into 96 well microtiter plates 
(flat bottom) at 5-10 x 10 4 cells/well in IOOmI 
medium, and incubated for an additional 24 hours. 
Then 100^1 of medium containing isoproterenol . 
(2mM) , ascorbic acid (200jtM) and isobutyl methyl 
xanthine (ImM) (IBKX, a phosphodiesterase 
inhibitor) was added to each well. Adding medium 
rather than replacing the medium in each well gave 
more reproducible results. One hundred 
microliters of medium containing iBMX/ascorbic 
acid or forskolin (l^M) /IBMX/ascorbic acid were 
added to control wells. To establish conditions 
to assay G,-coupled receptors, cells were 
transfected with the dopamine D* plasmid DHA as 
described above, seeded into 96 well microtiter 
plates in 100/il medium and the appropriate ligands 
in IOOmI medium were tested for the inhibition of 
forskol in-stimulated 6-galactosidase activity. 
Each set of conditions was carried out in 
quadruplicate. After an eight hour exposure to 
ligand the cells were washed with 200^1 phosphate 
buffered saline and 6-galactosidase activity was 
assayed. The plates can be stored at -20 # C for 
24-72 hours before performing the B-galactosidase 
assay. 

ft-Galactosidase m ieroassav. B-galactoaidase 
activity was measured with a microplate reader 
(Molecular Devices, Palo Alto). The assay is a 
modified version of the o-nitrophenyl fl-D- 
galactoside (ONPG) -based assays of Perrin ((1963) 



Ann. N. Y. Acad. Sci. 81:6349-6353) and Norton and 
Coffin ((1985) Mol. Cell. Biol. 5:281:290). The 
modifications include the method of cell lysis and 
conditions of assay incubation as outlined below. 
Suppressing endogenous galactosidase activity and 
stabilizing the E. coli enzyme are critical for 
the success of the assay. 

All the steps in the microassay were 
carried out at room temperature. The assay buffer 
is composed of 100 mM sodium phosphate, 2mK MgSO«, 
O.lmM HnCl,, pH 8.0. The adherent cells were 
washed with PBS, the plate drained and 25Ml/well 
of hypotonic lysis buffer added to each well, 
(dilute 1 part buffer with 9 parts water) . Ten 
minutes later 100/il of assay buffer containing 
0.5% (v/v) TritonX-100 and 40mM B-mercaptoethanol 
were added. Care should be taken to avoid 
foaming. After an additional 10 minutes, 24/il of 
ONPG (4mg/ml in assay buffer; prepared daily) was 
added, and the optical density per well at 405nm 
was determined with a plate reader. Readings were 
taken through 1.5 OD at 405nm, within the linear 
portion of the color development. The initial 
rates, expressed as mOD/minute, are linearly 
related to B-galactosidase enzyme concentration 
over an enzyme concentration range of 0.1 to lOOmU 
(one unit hydrolyzes one micromole of ONPG per 
minute at 25 degrees, pH 7.5). 

A detailed description of the screening 
protocol is provided in Table 1. 



EXAMPLE 1 

Detection of B-D-cralactosidase 

in LVIP2tPZC gfillg 



In preliminary experiments, forskolin 
(5mM) and IBHX (O.SmM) was used to increase cyclic 
AMP levels. The cells were treated with the drugs 
for 3, 6, or 18 hours, fixed with 2% formaldehyde 
and 0.2% glutaraldehyde for 10 minutes at room 
temperature, and exposed to the chromogenic 
substrate, X-gal (5-bromo-4-chloro-3-indolyl-B-D- 
galactoside, 0.2 mg/ml) for 2 hours at 37*C. More 
than 90% of the cells treated with drugs for 6 to 
18 hours developed a blue color. Only a few cells 
treated with XBMX alone turned blue. Next, the 
cells were transfected with human B,-adrenergic 
receptor cDNA in the pcD expression vector. 
Seventy-two hours after the DNA was added to the 
cells, IBMX and ascorbic acid (100/*M) plus or 
minus isoproterenol (lOOpM) were added to the 
medium. Ascorbic acid was added to prevent 
oxidation of isoproterenol. Six, 9 or 18 hours 
later, the cells were fixed and stained with 
0.2mg/ml X-gal. Unfortunately, the number of 
positive cells observed following treatment with 
isoproterenol and IBMX was much smaller than the 
number seen following treatment with forskolin and 
IBMX. It was difficult to distinguish plates of 
cells treated with isoproterenol and IBMX from 
those exposed to IBMX alone. 

Therefore, a quantitative assay was 
developed for the cAMP-mediated increase in B- 
galactosidase activity. This assay was performed 
in 96 well plates after solubilization of the 
cells and incubation with the substrate ONPG. 
Thus, the change in optical density over a defined 
period of time was directly proportional to the 



level of B-galactosidase activity. The optical 
density increased linearly with time up to 1.5. 
The LVIP2.0ZC cells were determined to contain 
endogenous G.-coupled receptors for PGE, 
(prostaglandin E 2 ) and adenosine. In pilot 
studies , untransfected cells were treated for 8 
hours with IBMX in the presence or absence of NECA 
[5 • — (N-ETHYLCARBOXAMIDO) -ADENOSINE , adenosine A, 
receptor agonist], or forskolin, to increase 
intracellular cAMP levels (Figure 1) . NECA or 
forskolin-treated cells generated considerably 
higher levels of B-galactosidase activity than the 
iBMX-treated control cells. Similar results were 
obtained by incubations of cells with 1 or lOjdf 
PGEj. The enzyme levels generated by 1/iM NECA, 
10/iM NECA, and O.SmM forskolin were determined to 
be 8, 30, and 48-fold higher, respectively, than 
in the IBMX control cells. The differences were 
discernible by visual examination after 3 to 6 
hours. 

KXAMPIJg 2 

junction of B-oalactosldase: 
optimizing dura tion of exposure 
to lioan ds and doses of lioands. 

In pilot studies, cells were exposed to 
IBMX in the presence or absence for forskolin 
(0.5MM), NECA (1/iM), or prostaglandin E, (1/iM) for 
2, 4, 6, 8, 15, or 18 hours and their B- 
galactosidase activities measured. As shown in 
Figure 2, the excellent signal to noise ratios 
were obtained with drug/1 igand treatments of 6 to 
15 hours. Dose-response data (Figure 3) were 
obtained by treating cells with forskolin, NECA, 
or PGE a for 8 hours. Subsequent studies have shown 
that 6-8 hour exposures to 1 igand are optimal in 
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both the G t and C, assays. Therefore, A 6-8 hour 
drug treatment was used; this way, the assay can 
be performed in one day and the signal to noise 
ratio is quite good. Forskolin produced its 
5 maximum effect at a 0.5/jM concentration; lOjiM 

prostaglandin E, and NECA were required to achieve 
maximum enzyme induction. 

EXAMPLE 3 
Transaction oZ xassstaz gPWAg 

10 Into I.VTP2.0ZC cells 

The high efficiency transfection method 
of Chen and Okayama can be used to introduce 
plasmids containing receptor cDNAs into LVXP2 • OZc 
cells. As previously shown, the amount of. DNA 

15 used for transfection of cells is critically 

important: too little or too much DNA produces 
poor transient or stable expression of cDNAs. 
Five to lOjjg of pcD plasmid containing S,- 
adrenergic receptor cDNA were dissolved in the 

20 calcium/BES buffered saline transfection solution 
and added to the 10ml of tissue culture medium in 
10 cm plates of cells. This amount of plasmid 
gave a punctuate precipitate which could readily 
be seen at 4 Ox magnification and which gave the 

25 best induction of 6-galactosidas* in response to 
1/iM isoproterenol. The increase in B- 
galactosidase activity observed with IBMX in the 
presence or absence of isoproterenol was 2 to 4 
times that observed with IBMX alone. The increase 

30 induced by isoproterenol was blocked by 

coincubation with the antagonist propranolol 
(1MM). 
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Tn1'JTt<"" of ft-aalactos1d«B« In cells 
tr n n ff f 1 > < ^- < >rt wlf h fl-xrireneralc recPPtor CPHA? 

nnfctniziT n dQS « > " f 4 HQprofcarenoi and durat i on 
affiflgagg of salifi *° compound 

Three days after transfection with 
plasmids containing the B,-adrenergic receptor 
cDNA, LVIP2 . OZc cells were seeded in 96 well 
plates and incubated with isoproterenol, ascorbic 
acid and IBMX for 6 hours. The concentration of 
isoproterenol was varied from 10'" to Iq-'M, a 
maximal effect was seen at lOH; no further change 
in optical density was obtained for concentrations 
between 10"M; no further change in optical density 
was obtained for concentrations between 10" and 10" 
*M. The ECm value for isoproterenol was determined 
to be lOpM (Figure 4A) . LVIP2.0ZC cells were 
transfected as above, seeded in 96 well plates and 
incubated with liM isoproterenol, ascorbic acid 
and IBMX for 2, 4, 6, 8, 12 or 18 hours. The best 
signal to noise ratio was found after 6-8 hours 
exposure to drugs (Figure 4B) . 

TIYRMPTJ; S 

Tn MW^"" of f^aVnUn-^V**-"* Induction 

7f ^i ae t os id g ^ fay aldosterone secretion 

in^hJtorY tasfcas i&sm 

LVXP2.0ZC cells were screened for 
endogenous receptors linked to G,, which when 
activated would inhibit the increase in B- 
galactosidase activity mediated by treatment with 
forskolin. Among numerous agonists tested, only 
ASIF produced significant inhibition. ASTF was 
used to help optimize a screen for ligands which 
can interact with G.-coupled receptors. Cells were 
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treated with XBMX, XHMX and forskolin (0.5mM), or 
IBMX, forskolin, and ASIF (l^M) for 1, 2, 4, 6, 8, 
15, or 18 hours. The most robust inhibition of 
forskolin by ASIF was observed between 6 and 8 
hours (Figure 5). Lover concentrations of 
forskolin (0.1 to 0.5/iM) should be used, however, 
to observe maximum inhibition in the assay. The 
highest dose of forskolin is not inhibited as well 
as the two lower doses, but the former may give a 
more reproducible level of enzyme induction. 

EXAMPLE 

Inhibition of forskol in-mediated induction 
of B-aalactosidase bv dopamine 
or quinoirole following transfection 
of cells with dopamine receptor cDNA 

Cells were transfected with 5, 10, 15, or 
20 j*g of D^c/RSV, a plasmid containing the D & 
receptor isoform. Ten j*9 of plasmid per 10 ml in 
a 10 cm dish gave the best looking precipitate, 
and aliquots of a suspension of cells from this 
dish were added to wells of a 96 well plate. 
Three days after the transfection, IBMX was added 
to all of the wells. 6-galactosidase activity was 
elevated with forskolin (O.SjiM) alone or in 
combination with dopamine, or the D, selective 
agonist, quinpirole, to block this increase. The 
dopaminergic agonists were added in concentrations 
of 1 to lOOjtM. 100 MM ascorbic acid was added to 
the medium to prevent oxidation of the ligands 
(Figure 6A) . Dopaminergic agonists alone had 
little or no effect on B-galactosidase levels. 
Significant inhibition of forskolin-stimulated 
increase of B-galactosidase activity was observed 
with either 10**M dopamine or 10 or 100/iM 
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quinpirole. As expected, quinpirole was more 
potent than dopamine. 

Transfections and assays as described 
above were used successfully to "diagnose" the 
5 rate cannabinoid or the human muscarinic m, 
receptor. Addition of ljiM agonist CP55940 
decreased forskolin stimulated activity by 15% in 
cells expressing the cannabinoid receptor (Figure 
6B) . Similar decrease was observed after addition 
10 of ImM carbachol to cells expressing the 

muscarinic acetylcholine receptor (Figure 6C) . 
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Table 1 
SCREENING PROTOCOL 

Day 1 Trypzinize exponentially growing 

LVXP2 • OZc cells, seed 5x10 s cells/10 cn- 
5 plate, incubate overnight in 10ml growth 

medium. 

Day 2 Trans feet cells with 10-2 0/ig plasmid DNA 
using Ca,P0 4 technique, see Materials and 
Methods, incubate 15 to 24 hours at 35 # C 
10 under 2-4% CO,. 

Day 3 Wash cells 2x with growth medium, re feed, 
incubate 24 hours at 37 *C under 5% CO,. 

Day 4 Trypzinize cells, pellet, seed in 96 well 
microtiter plates 5-10x10* cells/well, 
15 incubate overnight in lOOpl growth 

medium. 

Day 5 To control wells (e.g, quadruplicates) 

add 100/il medium + ImM IBMX with (control 
stimulation) or without (control basal) 

20 ImM forskolin. To remaining wells add 

agonist (s) in 100m1 medium + ImM IBMX 
with (G,-coupled) , or without (G f -coupled) 
IpM forskolin. Include antioxidants 
and/or protease inhibitors as required. 

25 Incubate 6-8 hours at 37 *C under 5% CO,. 

Wash cells with 200/jI PBS and drain. 
(Cells can be stored at -20 'C for 24-72 
hours) . 

Day 6 Add 25/xl diluted assay buffer/well, wait 
30 10 minutes, then add 100/a1 assay buffer, 

wait 10 minutes, then add 25/il of 
substrate. (ONP6 4mg/ml assay buffer). 
View color development visually or 
measure spectrophotometrically at 405nm 
35 in a plate reader. 
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All publications mentioned hereinabove 
are hereby incorporated in their entirety by 

reference. 

While the foregoing invention has been 
described in some detail for purposes of clarity 
and understanding, it will be appreciated by one 
skilled in the art from a reading of this 
disclosure that various changes in form and detail 
can be made without departing from the true scope 
of the invention and appended claims. 
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1. A method of identifying ligands which bind 
to G-protein coupled receptors comprising: 

expressing a G,-coupled receptor gene in a 
eucaryotic cell wherein said cell contains a 
cyclic AMP sensitive reporter construct; 
adding a ligand to said cell; and 
assaying for the amount of cyclic AMP. 

2. The method according to claim 1, wherein 
said cyclic AMP sensitive reporter construct 
comprises a cyclic AMP responsive enhancer 
element. 

3. The method according to claim 2, wherein 
said cyclic AMP sensitive reporter construct 
further comprises a Lac Z gene. 

4 • The method according to claim 3 , wherein 
said cyclic AMP sensitive reporter construct is 
PLVIP2.02. 

5. The method according to claim 4, wherein 
said cell comprises a cell from cell line 

LVIP2.0ZC. 

6. The method according to claim 1, wherein 
said assaying step comprises adding a chromogenic 
substrate and assaying for change in chromogenic 
substrate. 

7. The method according to claim 6, wherein 
said chromogenic substrate is o-nitrophenyl B-D- 
galactopyranoside . 
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8. The method according to claim 1, wherein 
said G-coupled receptor gene is encoded by a cDNA. 

9. A method of identifying an antagonist of a 
ligand wherein said ligand binds to a G-protein 
coupled receptor comprising: 

expressing a G-coupled receptor gene or cDNA 
in a eucaryotic cell wherein said cell contains a 
cyclic AMP sensitive reporter construct; 

adding a ligand and antagonist to said cell; 

and 

assaying for the amount -of cyclic AMP. 

10. The method according to claim 9, wherein 
said cyclic AMP sensitive reporter construct 
comprises a cyclic AMP responsive enhancer 
element. 

11. The method according to claim 9, wherein 
said cyclic AMP sensitive reporter construct 
further comprises a Lac Z gene. 

12. The method according to claim 11 , wherein 
said cyclic AMP sensitive reporter construct is 
pLVIP2.0Z. 

13. The method according to claim 12, wherein 
said cell comprises a cell from cell line 

LVXP2 • OZc • 

14. The method according to claim 9, wherein 
said assaying step comprises adding a chromogenic 
substrate and assaying for change in chromogenic 
substrate. 
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15 • The method according to claim 14, wherein 
said chromogenic substrate is o-nitrophenyl 6-D- 
galactopyranoside • 

16. The method according to claim 9, wherein 
said G-coupled receptor gene is a G,-coupled 
receptor gene. 

17. A method of identifying Uganda which 
bind to a G-protein coupled receptor comprising: 

expressing a G, -coupled receptor gene of 
cDNA in a eucaryotic cell wherein said cell 
contains a cyclic AMP sensitive reporter 
construct ; 

adding forskolin and a llgand; 

assaying for the amount of cyclic AMP; 

and 

identifying agonist induced reduction of 
forskolin activity. 

18. A method of identifying an antagonist of 
a ligand which binds to a G-protein coupled 
receptor comprising: 

expressing a G.-coupled receptor gene of 
cDNA in a eucaryotic cell wherein said cell 
contains a cyclic AMP sensitive reporter 
construct; 

adding forskolin, ligand, and antagonist; 
assaying for the amount of cyclic AMP; 

and 

identifying agonist induced reduction of 
forskolin activity. 

19. A mouse L cell that comprises a 
recombinant cyclic AMP sensitive reporter 
construct. 
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20. The coll according to claim 19, wherein 
said construct comprises a cyclic AMP responsive 
enhancer element. 

21. The cell according to claim 19, wherein 
said cyclic AMP sensitive reporter construct 
comprises a Lac Z gene. 

22. The cell according to claim 19, wherein 
said construct is stably integrated into genomic 
DMA of said cell. 

23. The cell according to claim 19, wherein 
said construct is pLVTP2.0Z. 

24. The cell according to claim 23, wherein 
said cell is a LVIP2 . ozc cell. 
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